Introduction {#sec1}
============

Atherosclerosis is recognized as a chronic inflammatory disease which is mainly characterized by endothelial dysfunction \[[@cit0001], [@cit0002]\]. Endothelial dysfunction, as defined by decreased generation of nitric oxide (NO), is known to contribute to increased endothelium permeability thereby enhancing leukocyte infiltration and accumulation within the vascular wall \[[@cit0003]\]. Previously, a substantial amount of studies have consistently revealed that in morbid conditions such as dyslipidemia, hypertension and diabetes mellitus, increased leukocyte rho-associated kinase (ROCK) concentration leads to the initiation and progression of atherosclerosis \[[@cit0004]--[@cit0006]\], and the underlying mechanisms operating in these processes include ROCK's actions on increasing reactive oxygen species (ROS) generation and destabilizing endothelial nitric oxide synthase (eNOS) mRNA \[[@cit0007]--[@cit0009]\]. Therefore, it is conceivable that reduced ROCK expression may confer cardiovascular benefits. Indeed, some experimental studies show that a ROCK inhibitor, fasudil or Y-27632, is beneficial for improving endothelial dysfunction, ameliorating oxidative stress and inflammatory reactions, which together contribute to improvement of cardiac remodeling and cardiac function \[[@cit0010]--[@cit0012]\]. However, due to the lack of solid evidence, currently, no ROCK inhibitor has been approved for the treatment of atherosclerosis and atherosclerotic cardiovascular diseases (ASCVD).

At present, increasing moderate aerobic exercise is strongly recommended for the primary and secondary prevention of ASCVD \[[@cit0013]--[@cit0015]\]. The mechanisms associated with clinical benefits derived from moderate aerobic exercise are partially due to its effects on improving cholesterol and glucose metabolism, which thereby improve endothelial function and inflammation \[[@cit0014]--[@cit0016]\]. However, whether moderate aerobic exercise can attenuate leukocyte ROCK concentration has not been well studied yet.

With respect to the epidemic of dyslipidemia in the last decade, it is warranted to evaluate whether the most cost-effective element of lifestyle, that is moderate aerobic exercise, can improve dyslipidemia. Moreover, whether these benefits are related to ROCK reduction also deserved assessment. We therefore conducted a study to clarify whether moderate aerobic exercise is beneficial for reducing leukocyte ROCK2 (a significant isoform of the ROCK family) concentration in subjects with dyslipidemia.

Material and methods {#sec2}
====================

Study participants {#sec2.1}
------------------

One hundred participants with newly diagnosed dyslipidemia who had no history of ASCVD, hypertension, diabetes mellitus, or other liver, renal or rheumatic diseases were enrolled after oral informed consent was obtained. The present study was approved by the ethic committee of clinical research of the participating hospital. None of the participants had been treated with lipid-lowering treatment before. Initially, 100 participants were randomly assigned into the exercise group (*n* = 50), in whom at least 30 min of moderate aerobic exercise (in terms of fast walking or jogging) per day 5 times every week was strongly recommended and was monitored closely by the study investigators. The other 50 participants in the control group were also recommended to undertake exercise of the same intensity as subjects in the exercise group, but it was not mandatorily required and monitored closely. At baseline and 3 months later, demographic and biochemical variables were recorded by two working investigators and were re-checked by the third investigator. Fasting venous blood was drawn, and all the biochemical measurements were performed in the laboratory center of the participating hospital.

Measurement of serum NO concentration {#sec2.2}
-------------------------------------

Total NO was evaluated by the nitrite reductase method using the Total Nitric Oxide Kit (Beyotime Company, China, S0024). All the procedures were performed in accordance with the manufacturer's protocol. NO production at baseline and 3 months later was evaluated. Briefly, 10 ml of fasting venous blood was drawn and was quantified by the bicinchoninic acid (BCA) assay. Sodium nitrite (NaNO~2~) supplied within the Total Nitric Oxide Kit was used to determine the standard curve. Optical density of each sample was detected by an enzyme-labeling measuring instrument at a wavelength of 540 nm, and the concentration was determined from the standard curve. All the measurements were repeated 3 times to determine the arithmetic mean.

Leukocyte ROCK2 concentration assessment {#sec2.3}
----------------------------------------

Enzyme-linking immune-sorbent assay (ELISA kit, Abcam company, ab160505) was used to evaluate leukocyte ROCK2 concentration. Fasting venous samples were drawn and stored at --80°C until use. All the procedures were in accordance with the manufacturer's instructions, and all the measurements were repeated 3 times to determine the arithmetic mean.

Statistical analysis {#sec2.4}
--------------------

Continuous data were presented as mean ± standard deviation (SD) or median (inter-quartile range) as appropriate, and were compared by the Student's *t*-test when data were normally distributed; otherwise they were compared by the Wilcoxon rank-sum test. Categorical data were presented as percentages and compared by χ^2^ test. Multivariate linear regression analysis was conducted to evaluate the relationship between exercise and other variables with the leukocyte ROCK2 concentration. All reported *p*-values were 2-sided, and a *p*-value of \< 0.05 was considered statistically significant. All statistical analyses were conducted with the SPSS statistical package for Windows version 19.0 (SPSS Inc., Chicago, Illinois).

Results {#sec3}
=======

Baseline characteristics of studied subjects {#sec3.1}
--------------------------------------------

There was no significant difference in baseline characteristics between these two groups, as shown in [Table I](#t0001){ref-type="table"}. The ages of the two groups were 49.6 ±6.3 and 48.3 ±8.1 years, and subjects were predominantly male (72.0% vs. 70.0%). At baseline, both groups were characterized by increased serum levels of total cholesterol, low-density lipoprotein cholesterol (LDL-C), apoB100 and Lp(a) accompanied with decreased serum levels of high-density lipoprotein cholesterol (HDL-C) and apoA1. Of note, no significant differences in lipid profiles were observed. Serum high sensitivity C-reactive protein (hs-CRP) level was comparably increased in both groups, and the average daily exercise time of both groups was extremely low, at 5.8 ±2.7 min and 6.2 ±3.1 min, respectively. Leukocyte ROCK2 concentration in the two groups was 38.4 ±7.5 mg/ml and 40.2 ±8.2 mg/ml, respectively. Overall, no differences in baseline characteristics were observed between the two groups.

###### 

Baseline characteristics comparisons

  Variables                             Exercise (*n* = 50)   Control (*n* = 50)
  ------------------------------------- --------------------- --------------------
  Age \[years\]                         49.6 ±6.3             48.3 ±8.1
  Male, *n* (%)                         36 (72.0)             35 (70.0)
  BMI \[kg/m^2^\]                       23.2 ±3.5             23.8 ±3.0
  Smoking, *n* (%)                      14 (28.0)             15 (30.0)
  SBP \[mm Hg\]                         118.2 ±13.6           120.6 ±11.5
  DBP \[mm Hg\]                         73.6 ±9.2             71.8 ±9.7
  HR \[bpm\]                            75.4 ±6.6             77.1 ±5.5
  TG \[mmol/l\]                         1.4 ±0.3              1.5 ±0.2
  TC \[mmol/l\]                         5.8 ±0.3              5.8 ±0.4
  LDL-C \[mmol/l\]                      3.9 ±0.4              3.8 ±0.5
  HDL-C \[mmol/l\]                      0.9 ±0.2              0.9 ±0.1
  apoA1 \[mmol/l\]                      1.0 ±0.3              1.0 ±0.2
  apoB100 \[mmol/l\]                    1.9 ±0.2              2.0 ±0.3
  Lp(a) \[mg/l\]                        132.4 ±15.6           135.7 ±17.3
  FBG \[mmol/l\]                        5.4 ±0.5              5.6 ±0.3
  Cr \[µmol/l\]                         93.3 ±11.5            91.7 ±9.4
  BUN \[mmol/l\]                        5.2 ±1.0              5.4 ±1.1
  Hs-CRP \[mg/l\]                       4.5 ±1.3              4.6 ±1.0
  ROCK2 concentration \[mg/ml\]         38.4 ±7.5             40.2 ±8.2
  NO concentration \[µmol/l\]           8.3 ±1.1              8.9 ±1.5
  Average daily exercise time \[min\]   5.8 ±2.7              6.2 ±3.1

*BMI -- body mass index, SBP -- systolic blood pressure, DBP -- diastolic blood pressure, HR -- heart rate (beats per m inute), TG -- triglyceride, TC -- total cholesterol, LDL-C -- low-density lipoprotein cholesterol, HDL-C -- high-density lipoprotein cholesterol, ApoA1 -- apoprotein A1, apoB100 -- apoprotein B100, Lp(a) -- lipoprotein (a), FBG -- fasting blood glucose, Cr -- creatinine, BUN -- blood urea nitrogen, Hs-CRP -- high-sensitivity C-reactive protein*.

Comparisons of characteristics after 3 months {#sec3.2}
---------------------------------------------

Three months later, 42 participants in the exercise group had completed the exercise program in terms of at least 30 min of daily moderate aerobic exercise 5 times per week, and the other 8 participants who could not finish this program were excluded from the final analyses. Compared with the control group, the average daily exercise time was significantly longer in the exercise group (37.4 ±4.3 min vs. 16.5 ±7.5 min, *p* \< 0.05), although exercise time in the control group was also increased compared to baseline (16.5 ±7.5 min vs. 6.2 ±3.1 min, *p* \< 0.05). Leukocyte ROCK2 concentration was significantly lower in the exercise group compared with the control group (27.6 ±4.3 mg/ml vs. 34.6 ±5.2 mg/ml, *p* \< 0.05). In addition, serum levels of LDL-C, HDL-C, Lp(a) and hs-CRP were also significantly lower in the exercise group (*p* \< 0.05). Notably, as shown in [Table II](#t0002){ref-type="table"}, some variables such as smoking, serum Lp(a) and hs-CRP levels, and leukocyte ROCK2 concentration in the control group were slightly improved when compared with baseline.

###### 

Comparisons of characteristics 3 months later

  Variables                             Exercise (*n* = 42)                            Control (*n* = 50)
  ------------------------------------- ---------------------------------------------- --------------------
  Age \[years\]                         50.4 ±5.8                                      48.5 ±5.3
  Male, *n* (%)                         31 (73.8)                                      35 (70.0)
  BMI \[kg/m^2^\]                       21.6 ±2.4                                      23.5 ±2.7
  Smoking, *n* (%)                      11 (26.2)                                      135 (26.0)
  SBP \[mm Hg\]                         113.8 ±10.3                                    118.4 ±10.7
  DBP \[mm Hg\]                         71.7 ±7.9                                      72.0 ±8.8
  HR \[bpm\]                            72.6 ±5.4                                      76.2 ±6.2
  TG \[mmol/l\]                         1.4 ±0.3                                       1.6 ±0.3
  TC \[mmol/l\]                         5.3 ±0.5                                       5.7 ±0.5
  LDL-C \[mmol/l\]                      3.1 ±0.4[\*](#tf2-1){ref-type="table-fn"}      3.8 ±0.4
  HDL-C \[mmol/l\]                      1.2 ±0.3[\*](#tf2-1){ref-type="table-fn"}      0.9 ±0.2
  apoA1 \[mmol/l\]                      1.1 ±0.2                                       0.9 ±0.2
  apoB100 \[mmol/l\]                    1.5 ±0.3                                       2.0 ±0.4
  Lp(a) \[mg/l\]                        104.6 ±10.7[\*](#tf2-1){ref-type="table-fn"}   136.8 ±18.9
  FBG \[mmol/l\]                        5.3 ±0.4                                       5.6 ±0.5
  Cr \[µmol/l\]                         94.1 ±10.7                                     93.3 ±9.0
  BUN \[mmol/l\]                        5.4 ±1.1                                       5.5 ±1.0
  Hs-CRP \[mg/l\]                       3.1 ±1.2[\*](#tf2-1){ref-type="table-fn"}      4.4 ±1.2
  ROCK2 concentration \[mg/ml\]         27.6 ±4.3[\*](#tf2-1){ref-type="table-fn"}     34.6 ±5.2
  NO concentration \[µmol/l\]           12.2 ±2.0                                      10.7 ±1.7
  Average daily exercise time \[min\]   37.4 ±4.3[\*](#tf2-1){ref-type="table-fn"}     16.5 ±7.5

*p \< 0.05*.

Changes of serum NO concentration {#sec3.3}
---------------------------------

At baseline, serum NO concentrations in the exercise (17.8 ±2.6 µmol/l) and control groups (18.3 ±3.1 µmol/l) were comparable. Nonetheless, 3 months later, serum NO concentration in the exercise group improved significantly more than that in the control group: 30.6 ±4.5 µmol/l vs. 22.6 ± 3.9 µmol/l (*p* \< 0.05).

Relationship between exercise and other variables with leukocyte ROCK2 concentration {#sec3.4}
------------------------------------------------------------------------------------

In order to investigate the association of the degree of exercise and other variables and leukocyte ROCK2 concentration, multivariate linear regression analysis was performed. After adjusting for age and gender (model 1), body mass index (BMI), smoking, LDL-C, Lp(a), hs-CRP, NO and exercise time were significantly associated with leukocyte ROCK2 concentration. After further adjusting for BMI, smoking, LDL-C and Lp(a) (model 2), only NO and exercise time remained significantly associated with leukocyte ROCK2 concentration, with an odds ratio of 0.825 (exercise group versus control group, 95% confidence interval (CI): 0.783--0.866, *p* \< 0.05) for NO and an odds ratio of 0.813 (exercise group versus control group, 95% CI: 0.748--0.872, *p* \< 0.05) for exercise time.

Discussion {#sec4}
==========

Our preliminary research revealed that in subjects with dyslipidemia without previous lipid-lowering therapy, 3 months of moderate aerobic exercise is beneficial for dyslipidemia improvement. Furthermore, moderate aerobic exercise could attenuate leukocyte ROCK2 concentration and promote serum NO concentration. In addition, with respect to the clinical relevance, we consider that there is high cost-effectiveness of recommending moderate aerobic exercise in both dyslipidemic subjects and healthy populations for its potential benefits in reducing the incidence of cardiovascular diseases.

Notably, dyslipidemia is one of the major modifiable risk factors for atherosclerosis and ASCVD \[[@cit0017]\]. Through eliciting oxidative stress and inflammation, an increased serum cholesterol level impairs endothelial function and promotes leukocyte ROCK2 concentration, and that is the underlying mechanism by which statins confer their pleiotropic effects on the cardiovascular system \[[@cit0018]\]. In short, moderate aerobic exercise is beneficial for lipid lowering and endothelium protection \[[@cit0019]\]. However, whether the benefits derived from this kind of lifestyle modification is attributed to reduced leukocyte ROCK2 concentration has not been fully investigated yet. ROCK2 is known to be highly expressed in the cardiac muscle and vascular system. After being activated by Rho-GTPase, ROCK2 phosphorylates Ser^19^ of myosin light chain and subsequently increases cellular contractility, impairs endothelial function, and enhances vascular smooth muscle cell migration and leukocyte infiltration \[[@cit0020]\]. Indeed, numerous previous studies have consistently revealed that increased leukocyte ROCK2 concentration is associated with atherosclerotic development. For example, Yoneda *et al*. found that rather than ROCK1-depleted cells, phagocytic uptake of fibronectin-coated beads is down-regulated in ROCK2-depleted cells \[[@cit0021]\]. In addition, Qian Zhou *et al*. reported that through inhibiting peroxisome proliferator-activated receptor-γ-mediated reversal of cholesterol transport in macrophages, ROCK2 contributed to atherosclerosis development and progression \[[@cit0022]\]. Moreover, Okamoto *et al*. revealed that compared with wild type mice, cardiac-specific deletion of ROCK2 prevented cardiac hypertrophy as stimulated by angiotensin-II \[[@cit0023]\]. Despite compelling evidence indicating the close relationship between ROCK2 and cardiovascular diseases, no selective inhibitor for ROCK2 is currently approved for clinical application.

Interestingly and importantly, our present research revealed that short-term moderate aerobic exercise not only could modulate cholesterol metabolism but also could improve endothelial function and reduce leukocyte ROCK2 concentration. Indeed, many studies have indicated that moderate aerobic exercise is beneficial for cholesterol lowering and glucose regulation. In addition, moderate aerobic exercise augments tissue perfusion and reduces oxidative stress, which may lead to improvement of endothelial function. Nonetheless, whether these benefits of moderate aerobic exercise are associated with ROCK2 alteration is not fully clear yet. The results from our present research supported the notion that moderate aerobic exercise is beneficial for reduced leukocyte ROCK2 concentration. As shown in [Table II](#t0002){ref-type="table"}, the leukocyte ROCK2 concentrations were decreased in both groups after 3 months as compared with baseline, and it might be at least partially due to increased exercise time, and the fact that the magnitude of the decrease of leukocyte ROCK2 concentration was greater in the exercise group further supported this notion. Furthermore, multivariable linear regression analysis revealed that, after extensively adjusting for potential covariates, exercise time remained significantly associated with leukocyte ROCK2 concentration. With respect to the physiological effects of moderate aerobic exercise on the cardiovascular system, we considered that the following mechanisms might explain our findings. First, as mentioned above, moderate aerobic exercise is beneficial to augment tissue perfusion and thereby reduce oxidative stress \[[@cit0013]\]. Since oxidative stress could up-regulate leukocyte ROCK2 concentration, it was possible that through ameliorating oxidative stress, moderate aerobic exercise decreased leukocyte ROCK2 concentration. Second, since an increased cholesterol level is always accompanied by increased generation of isoprenoid intermediates, critical substrates for leukocyte ROCK2 concentration increased \[[@cit0024]\]. Therefore, cholesterol lowering induced by moderate aerobic exercise may have led to reduced leukocyte ROCK2 concentration. In addition, it has been reported that Lp(a) is also an important lipoprotein associated with inflammation and oxidation. Therefore, reduced Lp(a) level in the exercise group might also have contributed to the favorable change of NO production and ROCK2 expression. Last but not the least, increased NO concentration by moderate aerobic exercise could antagonize oxidative stress in one aspect, and in the other aspect, increased serum NO concentration reduced leukocyte infiltration and thereby mitigated inflammation, suppressed ROCK2 expression and protected DNA of endothelium from damage \[[@cit0025]--[@cit0027]\].

There are several limitations of our study. First, although the data supported that moderate aerobic exercise was beneficial for lipid modification, endothelium protection and leukocyte ROCK2 concentration diminishment, the study is limited by its small scale and a short-term follow-up. Therefore, the data could not be used for inferring causality, but may be used for hypothesis generation, which is warranted for confirmation by future research. Second, since this was not a randomized study, so there was potential residual confounding which could not be adjusted. Third, the results from this study could not be generalized to other ethnic populations.

In conclusion, this study showed that in populations with newly diagnosed dyslipidemia, moderate aerobic exercise could favorably regulate cholesterol metabolism. Moreover, this kind of lifestyle modification is beneficial for improving endothelial function, which may be due to its effect on attenuating leukocyte ROCK2 concentration.
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